The possibility of an RF-resonance polarimeter (REP) for fast non-destructive measurement of beam polarization in an accelerator ring is considered . In order to accumulate the transition radiation from the free oscillating coherent spin of the beam, a passive superconducting cavity is proposed . The increase of effective voltage in the cavity with time (related to beam polarization) is calculated here . The efficiency of the polarimeter does not decrease with beam energy and is proportional to the average beam current A possible scheme of measurement of the accumulated voltage is presented. The noise limitations are taken into account and evaluated. Siberian snakes can be used in order to provide a sufficiently small value for the spin tune spread . Numerical examples are given
The spin-resonator interaction where
Suppose that a superconducting cavity or a chain of them is introduced into a ring with a cycling bunched charged particle beam . We can describe the dynamic system of particle spins S' and a resonant electromagnetic mode of the cavity by the Hamiltonian as follows: H ='-,(PZ+w,QZ)+Y_Wxi'S'+YWi .S',
1 E(r, t)= --P(t)E`(r), c where P(t) and Q(t) are the dynamic canonical variables expressed as functions of time in the presentation of the electromagnetic field E, B of the mode :
B(r, t)=Q(t)T'xE°= Q(t)B`(r), c 2 AE`+ wCE`= 0, div E`= 0, f(E`)2 dar = 4Tr, c 2 f (B`) 2 dar = 4Trw c' , where E`, B`are the eigen-functions and wc is the eigen-frequency of the resonant mode . The Poisson bracket of P and Q is (P, Q} =1 .
The W-vectors describe the spin precession in the electromagnetic field [1] : 
where e and m are particle's charge and mass, c is light velocity, y -i = (1 -o 21C 2)112 , G is the anomalous magnetic factor in the relation between particle spin and its magnetic moment : e N=(1+G) S, mc and B 1 and B IB are the transverse and longitudinal components of B with respect to the particle velocity u. Note that G = 1 .79 for protons and antiprotons, and 1 .13 x 10 -3 for electrons and positrons.
The vectors W,, and Wc correspond to the accelerator guide field and cavity field, respectively ; the symbol ,/ is for a single particle, while the sum is for all the particles of the beam .
For this paper, we neglect the effects of charge interaction here ; they will be studied in Part 11 . The field equations are then obtained as follows:
We assume the spin motion to be stable in the machine field. Then this motion is characterized by free precession with a spin tune v around a periodic axis n(o) :
where n(O), n(B) and n*(9) are the vector solutions of the spin equations on a particle closed orbit, with the properties [2] : n'n = 0, BI Z =O, n'rl *= 2, n 2 =I,
where 0 is the generalized azimuth angle along the closed orbit and v o is spin tune of the closed orbit. Taking into account the particle free oscillations, the variables Sn, S + as well as spin tune v are not constant in time and are not the same for different particles.
We neglected here the spin-orbit coupling effect on S and S +, but have taken into account the spin tune spread Av . This parameter is important when we study the coherent spin interaction .
We consider now a resonance situation:
where wo is the frequency of the guiding (or bunching) machine RF-field, and k is an integer. It is then convenient to describe the spin precession with respect to the frame: n, n l , n2, where n r +in2 =ee'(k-, l w o) e ----n, S=Sn n+2(Sn+S*îc *), and then the Poisson brackets will be :
{S n , S}=15, (9, S * ) =2iS n .
We also introduce the complex field amplitudes as follows:
Suppose for simplicity's sake, that the resonance electric field is equal to zero near the beam (due to symmetry). Then, we get the reduced Hamiltonian and the equations of motion as follows: One can see that the system under consideration has the following general invariants :
the Hamiltonian Hres itself, the total beam spin value at Avl = 0, and the combined adiabatic invariant I + = Ia1 2 +Y-Sn .
RF-voltage accumulation rate
For further calculations, suppose that we could neglect the E 1 spread for a required period of time . The initial conditions are: fi2 a(0) = 0; E Sn = N2e cos a, 1 f2 Y_SI =N 2e sin a e"', 1 where N is the total number of particles,~is the degree of beam polarization, a and cp are polar and azimuthal angles of coherent spin declination from the periodic axis n. One can find, from the eq . (5) , that the electromagnetic energy of the cavity Xc will grow with time according to the equation : h zt 2 a, ,l al2=w,N2 1 gk 1 2 4 e2 sin2a .
To make further headway, we must make certain assumptions on the RF-field geometry.
As one can see from definition (2), the use of B i is effective for all energies of the particle, while the use of Bi 'i is effective only for yG < 1 (non-relativistic protons and electrons with y < 10 3 ). Let us now consider the case when B`is transverse . Assume a resonance condition (3) with TM,,, mode of a cylindrical resonator [3] with its symmetry axis parallel to the beam direction (see fig. 1 ). Then we find 
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Sn _ -1 Slgka * + c.c ., Fig. 1 Scheme of spin interaction with TM I,() mode .
where /3 = e/c, A = tz/mc, and J is the average beam current. The electromagnetic energy of the resonator is related to the effective voltage V in the cavity as :
where C is the capacity of the resonator and r c is the cavity's radius. Note that the ratio wcr,/c for the considered mode is equal to = 3.8 [3] . Then,
If the total number of the identical resonators (coupled or non-coupled) is -IV, the maximum total effective voltage would be X times larger .
Note that the minimum r c is limited by the chamber aperture . Also, the bunch length must be less than r c :
The accumulation rate of the voltage of the cavity considered does not decrease with energy and machine circumference when yG > 1 and is proportional to the beam current. rc.
Maximum accumulated voltage
The maximum voltage that can be accumulated in the resonator is defined by an effective maximum time : Vmax = Vtmax , tmax = mln(7sp , 7c), where 7sp = (to,,Av)-1 , and 7c is the RF-voltage damping time due to the cavity wall resistance . It is related to the quality factor Q, of the considered cavity mode as:
A typical Q c value for TM,,, mode of available superconducting resonators is 2 X 10 1° [4] . At rc = 20 cm, 7c value is about 5 s.
To provide 7Sp value compatible with 7, special measures for reduction of Av are required . For a bunched beam, Ov is proportional to the beam emittances . It can be reduced by application of compensating sextupoles . The spin tune spread can be made Ya . S. Derbenec / RF-resonance beam polaruneter, part I especially small in rings with Siberian snakes . These possibilities should be investigated in detail separately.
RF-voltage measurement (noise criteria)
In view of the rather small value of possible accumulated voltage, one has to take into account noise limitations . There are two basic kinds of noise: thermal cavity noise and voltmeter input thermal noise.
1) The cavity noise effect is defined by the noise spectral density of the considered field mode, which is a single oscillator . When there is a state of thermodynamic equilibrium in the cavity walls, we can use a canonical formula for the oscillator energy distribution [5] , which can be written for frequencies near resonance as follows: accumulated voltage with confiTo measure the dente, the following condition is necessary:
2) The frequency bandwidth t1 f of an applied RFvoltmeter should satisfy the requirement on the other side, the 0f value should be small enough to eliminate the noise voltage due to the input resistance R,n of the voltmeter:
A possible voltmeter scheme is shown in fig. 2 [6] . In the frequency region f -10 8-109 Hz, the characteristic R, R_ value can be about 100 fl or less . Assume that the preamplifier channel temperature T,n = 300 K, and an f-band value 10 3 Hz ; then which is much less than the thermal noise effective voltage V,, = 2Tc/C -10 -6 V. We can conclude that, in practice, the minimum value of accumulated voltage is defined by the resonator thermal noise. Table 1 illustrates the values of basic parameters and requirements for different machines, assuming :
Vmax/VT = 5, 6 = 1, a = 90°, d = Trpc/wc, r, = 20 cm, at a single resonator in a ring with Tc = 1 K. With IV superconducting resonators, the maximum total accumulated voltage would be .iy' times larger, and then the requirements for the OP value would be~51V _ times weaker .
An operational procedure of polarization measurement could include the following steps: 1) To swing spin coherent free oscillations, use an RF-driven voltage (perhaps a different superconducting cavity), then switch off this voltage .
2) Shunt polarimeter's superconducting cavity, in order to kill an initial RF-oscillation (excited by beam charge).
3) Turn-off the shunting resistance adiabatically. 4) Wait for spin-swing of the polarimeter superconducting cavity .
5) Measure the accumulated RF-voltage .
Conclusion 15
The above considerations allow us to believe that there is a physical possibility for design and use of the RF-polarimeter and hence a certain optimism regarding its technical feasibility. In the next paper, we will consider a possible development of the dynamic scheme that could bring better quality to the system of the beam spin and the RFP. To make a final determination of the RFP efficiency, the beam charge effects must also be taken into account and analyzed in detail . Table 1 Examples For a number IV of resonators, the total V value can be X times larger, the necessary accumulation time tmm can be V~F times smaller, and the requirement for OPm , n is v~T 
